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Introduction:  A ﬁnger  reconstructed  by  toe  transfer  may  have  morphological  defects.  We  report  the  results
of second  toe  transfer  for  1-stage  ﬁnger  reconstruction  with  an  island  ﬂap  based  on  terminal  branches  of
the  toe artery.
Hypothesis:  The  technique  can  improve  the morphological  outcomes  of  reconstructed  ﬁngers.
Materials  and method:  Between  January  2008  and  June  2011,  toe-to-ﬁnger  transfer  was  performed  for  36
ﬁngers  in 31 patients.  An island  ﬂap  containing  terminal  branches  of the  toe artery  was  embedded  in the
neck  of  the  second  toe  to eliminate  the morphological  defect  caused  by  stenosis  in  that  area.
Results:  All  reconstructed  ﬁngers  and  all ﬂaps  survived.  No  donor  site complications  occurred.  The  mean
follow-up  was  8  months  (range,  5  to  25  months).  The  morphology  of  the  reconstructed  ﬁnger was  close
to  that  of  a normal  ﬁnger,  and  a natural  transition  could  be  observed  in  the  ﬁnger  pulp,  the  ﬁnger  neck,
and  the  junction  between  the  toe  and the  ﬁnger.  Sensory  recovery  of  the  ﬁnger  pulp ranged  from  S1 to
S3+.  The  mean  pinch  strength  of  the  reconstructed  ﬁngers  was  48%  to 60%  of that  of the  contralateral
side.  The  mean  DASH  scores  were  52.9,  48.9,  and  46.0  for patients  that  had  the  index,  third,  and  fourth
ﬁngers  reconstructed,  respectively,  and the  lowest  mean  aesthetic  score  was  70.
Discussion:  The  method  provides  good  aesthetic  and  functional  outcomes,  and overcomes  aesthetic
difﬁculties  associated  with  other  methods  of toe transfer  for ﬁnger  reconstruction.
Level  of evidence:  Level  IV.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Loss of hand function and deformities due to the ﬁnger defects
s a result of trauma may  seriously affect quality of life and mental
ealth. Commonly used methods for ﬁnger reconstruction include
eepening the ﬁrst web space, tubular ﬂap transfer together with
one grafting, elevating and lengthening of the stump, and ﬁnger
otation [1]. Each method has its own advantages and disadvan-
ages, and patients are rarely satisﬁed with the results of these
echniques. Since the ﬁrst toe-to-thumb transfer in 1966, free toe
ransfer using vascular anastomosis has become a routine method
or the repair and reconstruction of thumb and ﬁnger defects [1–4].
ew methods and surgical techniques have allowed various forms
f toe tissues to be used for the repair and reconstruction of vary-
ng degrees of thumb and ﬁnger defects with very high success
ates [5–12]. Despite these advances, however, there are still many
∗ Corresponding author. Tel.: +86 512 65133680; fax: +86 512 65133680.
E-mail address: jjh2006@263.net (R.-X. Hou).
http://dx.doi.org/10.1016/j.otsr.2014.12.019
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.deﬁciencies in the reconstructed ﬁnger compared to the original
ﬁnger.
Morphologic defects mainly include mild clubbing in the dis-
tal phalanx, ﬁnger pulp enlargement, and neck stenosis. The main
reason for these defects is that the toes are thin and short while
the ﬁngers are thick and long, and toe pulp is in a pedestal shape
while the ﬁngertip has a natural conical shape. There is abundant
fat in the subcutaneous tissue of the plantar side of the metatar-
sophalangeal joint, and the dorsoplantar diameter at this site is
signiﬁcantly greater than that of the toe body while the sagittal
diameter of the metacarpophalangeal joint and that of the ﬁnger
body are similar. Mild clubbing in the distal phalanx can be resolved
by ﬁxing the distal interphalangeal joint in a hyperextended posi-
tion during surgery. However, the other 2 deformities are difﬁcult
to manage and the outcomes are poor [13–17].
In March 2008, we  designed a triangular ﬂap in the neck and
pulp of the second toe and transferred it to the ﬁnger for the recon-
struction of ﬁnger morphology. We  used the ﬂap for the repair of 6
ﬁngers, and it not only resolved the enlargement in the ﬁnger pulp,
but also improved the stenosis in the neck [18]. Other surgeons also
reported satisfactory outcomes with the technique [19]. However,
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Fig. 1. Illustration of ﬂap design. A. Second toe island ﬂap was designed along the
course of the terminal branch of toe artery. The bulkier “new ﬁnger” pulp (primarily
the  tibial protuberance of the second toe pulp) was incised in order to expand the
stenotic neck region of the new ﬁnger (ventral surface of new DIP joint). B. Wound46 J.-H. Ju, R.-X. Hou / Orthopaedics & Trauma
e found that this procedure had 2 shortcomings. The ﬁrst is that
mprovement of the neck stenosis is limited due to the inﬂuence of
he rotation angle of the local triangular ﬂap. The second is that the
cat ear” deformity produced by the transfer of the triangular ﬂap
ffects the short-term morphology. To resolve these shortcomings,
e designed an island ﬂap containing terminal branches of the toe
rtery. The beneﬁts of the procedure are:
it is simple to perform;
a second procedure is not needed;
the morphological transition after repair is natural;
the rotation angle is not limited;
the method not only eliminates the enlargement in the ﬁnger
pulp and the neck stenosis of the reconstructed ﬁnger, but also
reduces the enlargement in the anastomotic junction between
the ﬁnger and the toe.
The purpose of this study is to present the results of 36 ﬁnger
econstructions using an island ﬂap based on terminal branches of
he toe artery. Our hypothesis was that the technique can improve
he morphological outcomes of reconstructed ﬁngers, particularly
eck stenosis due to the inﬂuence of the rotation angle of the local
riangular ﬂap and the “cat ear” deformity produced by transfer of
he triangular ﬂap.
. Methods
.1. Patients
A total of 31 patients, 22 males and 9 females, with a mean
ge of 28 years (range, 18–40 years) were included in the current
tudy, and 36 ﬁngers were reconstructed. The injuries were due to
 stamping machine in 15 cases, machine crush injuries in 9 cases,
nd twist injuries in 9 cases. Defects were located in the second,
hird, fourth, and ﬁfth ﬁngers in 6 cases, in the second, third, and
ourth ﬁngers in 5 cases, in the third, fourth, and ﬁfth ﬁngers in 3
ases, in the second and third ﬁngers in 5 cases, in the third and
ourth ﬁngers in 4 cases, in the second ﬁnger in 4 cases, in the third
nger in 3 cases, and in the fourth ﬁnger in 1 case. Two  ﬁngers were
econstructed in 5 cases, and 1 ﬁnger was reconstructed in the other
6 cases. The second ﬁnger was reconstructed in 17 cases, the third
nger in 15 cases, and the fourth ﬁnger in 4 cases.
One-stage emergency reconstruction was performed for 26
ases, while elective surgery was performed for 5 cases. The areas of
he transferred ﬂap containing terminal branches of the toe artery
anged from 0.8 cm × 0.5 cm to 1.5 × 1.0 cm.  Among them, 1 case
ith defects in the second to ﬁfth ﬁngers had associated skin defects
n the palm and dorsum of the hand. A free inguinal ﬂap with a
edicle containing the superﬁcial epigastric artery was used during
nger reconstruction to repair the wound.
Indications for the procedure were 16 to 45 years of age, III–V◦
efects in the second to fourth ﬁngers [20], no life-threatening
omplications, no vasogenic disease, and the ability to tolerate
icroscopic surgery.
.2. Surgical procedure
Complete debridement was carried out for the recipient site,
nd anatomical marking of the vessels and nerves of the donor site
as performed.
The second toe was harvested routinely. An island ﬂap.0–1.5 cm in length and 0.5-0.8 cm in width at the base was
esigned along the terminal branch of the toe artery in the protu-
erance (usually the tibial side of the second toe). The ﬂap pedicle
as located at either the ulnar side or radial side of the “neck”after  ﬂap transfer. The second toe island ﬂap was  rotated inferiorly to expand the
stenotic neck region, while the newly incised wound was  directly apposed and
sutured.
stenosis (ventral surface of the new DIP joint). The proximal part
of the ﬂap was taken as the pedicle. The point of rotation should
not exceed one half of the plane of the middle phalanx. A transverse
incision was  made from the ﬂap pedicle to the narrowest site of the
“neck”. The incision should not exceed the surface projection of the
contralateral artery and nerves to form an island ﬂap located lateral
to the “new ﬁnger” pulp. The pedicled island ﬂap will be embed-
ded to the neck stenosis to reduce the bulkier “new ﬁnger” pulp
and simultaneously improve the neck stenosis. These defects were
resolved thorough a single operation and the morphology of the
reconstructed ﬁnger was  remodeled. An illustration of ﬂap design
is presented in Fig. 1.
The ﬂap was  harvested by incising the skin along the designed
line. The subcutaneous tissue was sharply dissected to expose the
toe artery and nerve bundle, and the nerve was  carefully isolated.
The ﬂap skin was  incised, and the ﬂap was carefully harvested at
the deep layer of the deep fascia. The toe artery and its terminal
branch were carefully protected. Then the skin was incised along
the transverse incision under the “new ﬁnger” pulp while carefully
protecting the toe artery and nerve. The subcutaneous ﬁbrous sep-
tum was  carefully cut off, and a spindle-shaped wound was formed
at the site of the incision. The ﬂap containing terminal branches of
the toe artery was  then dissected backward to the pedicle, rotated
inferiorly and covered the spindle-shaped wound, which was  then
closed with 5-0 silk suture.
The second toe was  transferred to the affected area, then a single
Kirschner wire was  used to ﬁx the bones. Tendon was then sutured,
vessels anastomosed, and nerves reconnected. Subcutaneous tis-
sue was  then repaired after revascularization, and skin tension was
adjusted before ﬁnally closing the skin.
Local remodeling was  carried out under the assistance of elec-
tric tourniquet 20 min  after the blood ﬂow was  conﬁrmed. The
tology: Surgery & Research 101 (2015) 345–351 347
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Table 1
Postoperative outcomes.
Finger Index Third Fourth
Patients (n) 17 15 4
S-2PD (mm) 12 (7 ≥ 15) 9 (6 ≥ 15) 10 (8–14)
Pinch strength (%
of contralateral
hand)
60 (40–80) 50 (35–90) 48 (20–74)
Range of motion (◦)
MCP  joint 82 (70–90) 80 (75–90) 85 (80–90)
PIP joint 48 (40–70) 55 (45–85) 50 (40–90)
DIP joint 25 (15–36) 22 (12–32) 24 (18–28)
Total angular
motion
150 (120–85) 142 (114–190) 146 (135–174)
Satisfaction score
Function 84 (70–95) 90 (72–94) 76 (64–90)
Aesthetic 70 (60–96) 76 (70–86) 75 (66–80)
DASH score 52.9 (46.0–89.0) 48.9 (43.0–74.0) 46.0 (41.0–52.0)J.-H. Ju, R.-X. Hou / Orthopaedics & Trauma
ound formed in the lateral side of the ﬁnger pulp was advanced
nd directly sutured. The tourniquet was released and circulation
f the reconstructed ﬁnger and ﬂap were observed. The operation
as completed if there were no problems with blood circulation.
.3. Postoperative treatment
All patients received routine anticoagulants, antispasmodics,
nd anti-inﬂammatory medications, and all patients remained at
bsolute bed rest for 7–10 days. The blood circulation of the trans-
erred ﬂap was closely monitored for evidence of compromised
irculation by observation of skin temperature, skin color, skin ten-
ion, and capillary reaction.
Sutures were removed on the 12th postoperative day, and a
ressure sleeve was placed on the ﬁnger if excessive swelling was
oted. The pressure sleeve was constructed based on the morphol-
gy of the ﬁnger such that the pressure of the sleeve exerted on
he ﬁnger was approximately 25 mmHg, and the dimensions were
ased on the principle of LaPlace [21]. The patient wore the ﬁnger
leeve continuously for 3 months. The pressure and tightness of the
leeve were monitored once a week. If the pressure decreased or
he pressure sleeve became loose, then the pressure and tightness
f the sleeve were adjusted.
Functional exercise was started 12 days after surgery, and reha-
ilitation was carried out in stages. The early phase of rehabilitation
asted from 1–2 weeks and consisted of external plaster cast ﬁx-
tion, elevation of the treated limb, local massage, and infrared
herapy to improve ﬂap circulation and reduce swelling. The mid-
le phase of rehabilitation consisted of passive joint movement and
eat therapy. The late phase of rehabilitation consisted of sensory
raining and active joint movement with predetermined goals of
ensory and functional recovery, and lasted for 2–6 months.
Outcome measures included sensory function, pinch strength,
ange of motion, and function and aesthetic satisfaction scores.
ensory function was determined by measuring 2-point discrim-
nation using a 2-point discriminator (Lasting Medical Devices Co.,
td., Shanghai, China). Pinch strength of the affected hand was
easured using a dynamometer (Hand evaluation kit plus, Klarity
edical & Equipment Co., Ltd., Guangzhou, China) and the results
ere presented as the percentage strength of the normal contralat-
ral hand. Range of motion (ROM) was deﬁned as the angle from
aximum ﬂexion to maximum extension of the reconstructed ﬁn-
er. The degree of maximum ﬂexion and extension were measured
ndependently, and their sum was considered the range of motion.
n orthopedic tool measurement apparatus was used to perform
he measurements (Hand evaluation kit plus, Klarity Medical &
quipment Co., Ltd., Guangzhou, China). Functional satisfaction was
eﬁned according to the following criteria: capable of performing
riginal task with reconstructed ﬁnger (90–100); able to use recon-
tructed ﬁnger (70–90); somewhat difﬁcult to use reconstructed
nger (40–70); unable to use reconstructed ﬁnger (0–30). In addi-
ion, disabilities of the arm, shoulder and hand (DASH) scores [22]
ere also determined. Aesthetic satisfaction was deﬁned according
o the following criteria: pleasing appearance (80–100); accept-
ble appearance (50–80); poor appearance/patient unable to accept
ppearance (0–50).
After discharged, patients were followed-up every 3 months to
bserve the improvement in the morphology after local ﬂap trans-
er, remodeling, and sensory recovery in the ﬁnger pulp.
. ResultsAll reconstructed ﬁngers survived. All ﬂaps embedded to man-
ge the stenosis in the narrow neck of the toe survived, primary
ealing of the incision was achieved, and the wound in the donorDASH: disabilities of the arm, shoulder and hand. Data are presented as mean
(range). S-2PD: static two-point discrimination; MCP: metacarpophalangeal; PIP:
proximal interphalangeal; DIP: distal interphalangeal.
site healed satisfactorily. Pressure treatment was applied for 9
ﬁngers that were found to be swollen 12 days after surgery. No
donor site complications occurred. Bony union occurred in all pha-
langes, and the internal ﬁxation device was  removed 4–12 weeks
after surgery (mean, 8 weeks). The mean follow-up duration was
8 months (range, 5 to 25 months). The morphology of the recon-
structed ﬁnger was close to that of a normal ﬁnger, and a natural
transition could be observed in the ﬁnger pulp, the ﬁnger neck, and
the junction between the toe and the ﬁnger.
Functional and aesthetic outcomes are presented in Table 1. Sen-
sory recovery of the ﬁnger pulp ranged from S1 to S3+. The mean
pinch strength of the reconstructed ﬁngers was 48% to 60% of that
of the contralateral side. ROM of the reconstructed ﬁngers varied
with the joint reconstructed, with the greatest ROM seen in the
metacarpophalangeal joint and the least seen in the distal inter-
phalangeal joint. The lowest mean functional score was 76 and the
lowest mean aesthetic score was  70. The mean DASH scores were
52.9, 48.9, and 46.0 for patients that had the index, third, and fourth
ﬁngers reconstructed, respectively.
At the last follow-up, comparison between the reconstructed
ﬁnger and the corresponding ﬁnger of the unaffected side showed
that the mean circumference of the reconstructed ﬁnger was
5.1 ± 0.3 cm and the circumference of the corresponding ﬁnger on
the unaffected side was 5.2 ± 0.4 cm.  The circumference of the nar-
rowest part in the neck of the reconstructed ﬁnger was 4.9 ± 0.2 cm,
and the circumference of the distal joint in the corresponding ﬁn-
ger of the healthy side was 5.3 ± 0.3 cm.  Representative cases are
presented in Figs. 2–4.
4. Discussion
In 2008, we designed a triangular ﬂap in the neck and pulp of
the second toe and transferred it to the ﬁnger for the reconstruction
of ﬁnger morphology and achieved satisfactory outcomes. How-
ever, we  found in the clinical application that this procedure had 2
shortcomings; improvement of the neck stenosis was limited due
to the inﬂuence of the rotation angle of the local triangular ﬂap and
the “cat ear” deformity produced by the transfer of the triangu-
lar ﬂap adversely affected the short-term morphology. To improve
these shortcomings, we  designed an island ﬂap containing termi-
nal branches of the toe artery and as reported in this study, have
achieved good functional and aesthetic outcomes.Free toe transfer has become a preferred method of thumb
and ﬁnger reconstruction and generally yields good functional
results [1,10,23,24]. While initially secondary transfer was com-
monly performed, study has shown that primary transfer results in
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.  Function and dorsal morphology of the reconstructed ﬁnger 9 months after surge
omparable outcomes and reduces the need for a second surgery
25]. Despite the advantages of free toe transfer, the reconstructed
nger is deﬁcient to the original ﬁnger in functional and aesthetic
easures [23]. Enlargement in the anastomotic junction between
he ﬁnger and the toe is primary reason for the poor morphology
f the reconstructed ﬁnger. A commonly used method for correct-
ng this is to remove the fat under the V-shaped ﬂap at the dorsal
ide of the second toe and carry out V-shaped excision on the skin
ontaining the V-shaped ﬂap in the remnant ﬁnger. Repeated trim-
ing and remodeling are required which signiﬁcantly extends the
perative time, and the postoperative morphology is not ideal.
Intraoperative remodeling during 1-stage reconstruction and
ntraoperative remodeling during the second surgery of 2-stage
econstruction are common methods for improving the functionond toe reconstruction. C. Simultaneous intraoperative design of the ﬂap containing
ays after surgery. F. Morphology of the reconstructed ﬁnger 9 months after surgery.
 Comparison of two hand 9 months after surgery.
and aesthetics of the reconstructed ﬁnger. There are many meth-
ods for remodeling in 1-stage reconstruction surgery. Woo  et al.
[14] improved the circumference of the narrow portion of the sec-
ond toe by serrated skin suture at the anastomosis site, signiﬁcantly
improving the morphology of the reconstructed ﬁnger. However,
this method can only be applied for reconstruction of the distal
phalanx. Wang et al. [15] performed 1-stage transfer of the adja-
cent toe side ﬂap to the neck of the ﬁnger pulp and obtained good
outcomes. However, the procedure is complicated with increased
surgical risk. Kang et al. [16] designed a small spindle-shaped ﬂap in
the plantar side of the distal phalanx of the second toe and rotated
it 180◦ to ﬁll the stenotic site in the ﬁnger pulp and achieved a
good outcome; however, it is difﬁcult to rotate the ﬂap 180◦ which
can affect the outcome. Tang et al. [17] removed the subcutaneous
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Fig. 3. A and B. Preoperative defect distal to the middle part of the proximal phalanx in the left second ﬁnger. C. Design of second toe reconstruction. D. Completed ﬁnger
reconstruction. E. Simultaneous intraoperative design of the ﬂap containing terminal branches of the toe artery. F. Reconstructed ﬁnger and ﬂap 12 days after surgery. G and
H.  Application of the pressure sleeve from 12 days after surgery. I. Two months after pressure treatment. J–L. Morphology of the ﬁnger 7 months after pressure treatment.
M.  Flexion and extension of the reconstructed ﬁnger 7 months after surgery.
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.  Morphology of the reconstructed ﬁnger after surgery. D–F. Morphology of the ﬁn
issue on 1 or 2 sides of the second toe to narrow the ﬁnger pulp
or improving the shortcoming of ﬁnger pulp enlargement. How-
ver, the technique cannot eliminate the stenosis in the neck of
he ﬁnger pulp. Two-stage spindle-shaped excision at the side of
he ﬁnger pulp is a simple and safe procedure with short operative
ime [13]. However, it does not improve stenosis in the neck of the
nger pulp and it also involves a second surgery.
The safety of harvesting a ﬂap based on terminal branches of
he toe artery is primarily based on 2 aspects. The ﬁrst is whether
ap harvesting affects the blood circulation of the reconstructed
nger. The toe artery distribution was observed in 24 toes from 6
adavers after lactoprene infusion previously, and we  found that
he proper plantar digital artery divides into many ﬁne branches to
orm anastomoses with the dorsal digital artery. The plantar digital
rtery of the second toe has constant communicating branches at
he proximal and distal one third of the proximal phalanx and at
he second half of the middle phalanx. In addition, the dorsal digital
rtery and the plantar digital artery have constant communicating
ranches at the plantar side and dorsal side. We  consider that if the
ascular pedicle does not exceed one half of the middle phalanx
f the toe, the blood supply of the reconstructed ﬁnger will not be
ffected. The second aspect is whether ﬂap harvesting affects the
lood supply to the ﬂap. The ﬂap containing terminal branches of
he toe artery is an axial ﬂap, and in addition the area of the ﬂap is
imited. intraoperative design of the ﬂap containing terminal branches of the toe artery.
onths after surgery.
During ﬂap harvesting, the rotation point of the ﬂap should
not exceed the proximal interphalangeal joint plane in the recon-
structed ﬁnger to prevent damaging the anastomotic branches of
the artery, which can affect the blood supply to the reconstructed
ﬁnger. The proper digital nerve and its branches should be pro-
tected carefully when harvesting the ﬂap to prevent poor sensory
recovery after surgery. A concept of full reconstruction should be
established during surgery to produce a ﬁnger extremely close to
the normal ﬁnger. The ﬁnger pulp enlargement and neck stenosis
should be trimmed. Remodeling the skin at the anastomotic junc-
tion between the ﬁnger and the toe is also very important. The
subcutaneous tissue should be trimmed delicately and the enlarge-
ment due to the plantar tissue thickening should be removed. Early
rehabilitation can reduce swelling and enhance wound healing, and
during the middle and late stages active and passive joint move-
ments and sensory training should be carried out.
Remodeling the morphology of the reconstructed ﬁnger using
an island ﬂap containing terminal branches of the toe artery has a
number of advantages. The surgical procedure is simple, safe, and
effective with satisfactory outcomes [13]. The morphological tran-
sition after repair is natural, and a second procedure is not needed.
This method not only eliminates the enlargement in the ﬁnger pulp
and the neck stenosis of the reconstructed ﬁnger, but also reduces
the enlargement in the anastomotic junction between the ﬁnger
and the toe.
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In this study, we used a pressure sleeve for the treatment of
ngers that were noted to be swollen. Pressure treatment is widely
sed in the plastic surgery and burn scar prevention it prevents
nd restricts scar formation by imposing appropriate pressure on
he body surface [26]. We  have found it useful for enhancing wound
emodeling in cases of free-ﬂap transfer.
Reconstruction of an index or second ﬁnger, as done in this
eport may  be questioned. Nowadays, the aesthetic requirements
f people are particularly high. The hand is not only is a functional
nit, but also is an important aesthetic component, and it has the
econd largest exposed area in the human body following the face. If
he morphology of the hand is relatively poor after surgery, this can
ffect daily interactions; the patient may  subconsciously hide the
and, and the hand function may  be underused despite an excel-
ent recovery. Thus, function is somewhat less important than an
esthetic outcome.
The primarily limitation of this study is the short follow-up
eriod. The mean follow-up was only 8 months, which is short to
uantify the quality of the results, especially regarding sensation.
he results of sensation return were somewhat poor, and this is
ikely due to the short follow-up duration, i.e., sensation increases
ith duration of time following surgery.
. Conclusions
We  have presented a novel island toe ﬂap based on the terminal
ranches of the toe artery for ﬁnger reconstruction. The method
rovides good aesthetic and functional outcomes and overcomes
esthetic difﬁculties associated with other methods of toe trans-
er for ﬁnger reconstruction, particularly neck stenosis due to the
nﬂuence of the rotation angle of the local triangular ﬂap and the
cat ear” deformity produced by transfer of the triangular ﬂap.
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